Introduction
Under-nutrition of children is unfortunately still very common in many parts of the world. For example, 42% of the children in sub-Saharan Africa are stunted (i.e., have a low height for their age) -an indicator of chronic under-nutrition (UNICEF 2010) . In addition to the serious implications for child mortality, there are long-term effects of childhood under-nutrition on health, well-being, and productivity (Black, Morris, and Bryce 2003; Chang et al. 2002; Glewwe, Jacoby, and King 2001; Graff et al. 2010; Grantham-McGregor et al. 2007; Mendez and Adair 1999; Weinreb et al. 2002) . A child's nutritional status is to a large extent determined by his or her food intake and exposure to diseases, and the treatment for these, which are in turn influenced by a number of individual, household, and community factors. One household factor that has attracted much attention as a potential determinant of stunting is the number of siblings below certain ages. It has been concluded in several studies (see references below) that children with many siblings are particularly likely to suffer from under-nutrition -not least because of dilution of resources -although one can of course never be sure that joint determinants of fertility and nutritional status have been adequately controlled for. Such a 'sibling effect' may be considered part of a more general health and economic disadvantage of children in large families (e.g. Anh et al. 1998; Cleland et al. 2006; Eloundou-Enyegue and Williams 2006; Li, Zhang, and Zhu 2008) and their mothers (e.g. Montgomery and Lloyd 1996) .
The objective of this study is to find out whether, in addition to the effect of many young siblings in the household, high fertility among other people in the community may increase a child's chance of being stunted. Such an effect has not been documented in the literature, but seems plausible for two main reasons. First, a larger number of children in other families may increase the chance of childhood diseases in these families, because of resource dilution and because a child may have a higher probability of getting an infectious disease when the household is more crowded. This higher prevalence of diseases in the community may increase the stunting risk for any particular child. Second, there may be aggregate-level economic effects of high fertility. Although earlier econometric studies have provided rather mixed results (Headey and Hodge 2009) , there is some support for the idea that income growth is hampered by a large relative size of the young population, as measured by current birth rates (Kelley and Schmidt 1995) or the proportion of young (Kelley and Schmidt 2005) . A low income growth will lead to low income levels later, with obvious implications for a child's stunting risk.
While potentially enriching, there is no tradition in studies of consequences of high fertility for the multilevel approach that we employ. Earlier analyses of the influences of population growth or high fertility have usually been ecological, in the sense that both demographic and economic variables (and other important outcomes) have been measured solely at an aggregate level (typically the country, but in a few cases smaller areas such as provinces: for examples of the latter see Kinugasa, Huang and Yamaguchi 2007; Li and Zhang 2007; Mapa, Balisacan, and Briones 2006) . In principle, adverse effects of high fertility in such analyses pick up two types of mechanism. First, highfertility families experience various undesirable outcomes; second, everyone (those with few children as well as those with many) may be disadvantaged because of the generally high fertility. Conversely, when an individual-level study reveals an effect of high fertility, part of the reason may be that people with many children tend to live in areas where fertility is high, which may have an effect above and beyond individual fertility. A multilevel approach makes it possible to separate these effects.
We use data from Demographic and Health Surveys (DHS) in sub-Saharan Africa to estimate whether there is an effect of the child dependency ratio in the province (measured by the number of children per woman) on a child's chance of being stunted, net of the number of siblings, and other household-level fertility indicators, and with control for various individual-, household-, and province-level factors that may influence fertility as well as (through other channels) stunting. We make no attempt to identify the causal pathways that fertility may operate through by including variables that are likely to be causally intermediate. Should an effect be revealed, this can be done in later research based on better data. The investigation is restricted to the 23 countries in the region that have had at least two DHS surveys, constituting a total of 152 provinces. This data design allows us to consider a lagged dependency-ratio variable (approach I of our analysis), or to include province dummies (so-called 'fixed effects') to control for unobserved time-invariant factors at that level (approach II). By further restricting the analysis to the 13 countries (with 84 provinces) that have had three or more surveys, we can include both a lagged dependency variable and fixed effects (approach III).
Determinants of stunting: The possible role of fertility

The big picture
It is common to consider stunting as determined by three proximate factors: the child's birth weight (Adair and Guilkey 1997; Ricci and Becker 1996; Semba et al. 2008) , his or her food intake, and whether the child has suffered from diseases such as diarrhea or respiratory infections and has been treated adequately for these (Adair and Guilkey 1997; Larrea and Kawachi 2005) . A number of causally more distant child-and household-level factors, operating through these three proximate determinants have been suggested: i) the child's age (Giroux 2008; Ricci and Becker 1996; Semba et al. 2008; Shapiro-Mendoza et al. 2005; Shroff et al. 2009 ) and sex (Ricci and Becker 1996; Semba et al. 2008; Wamani et al. 2007 ) and whether the parents wanted the child (Shapiro-Mendoza et al. 2005) , ii) characteristics of the mother's anatomical system and her nutritional status, indicated for example by her height and Body Mass Index (BMI) (Hernandez-Diaz et al. 1999; Rahman and Chowdhury 2007) , iii) the parents' access to food through own production or other income-generating activity (BronteTinkew and DeJong 2004), iv) whether sanitary conditions are good and clean water is available, which is also partly a result of family income (Semba et al. 2008; ShapiroMendoza et al. 2005) , v) the parents' knowledge of hygienic measures and appropriate feeding practices -one factor through which the effect of education probably operates (Frost, Forste, and Haas 2005; Larrea and Kawachi 2005; Semba et al. 2008; ShapiroMendoza et al. 2005) , vi) the use of appropriate health services (Adair and Guilkey 1997; Shapiro-Mendoza et al. 2005 ), vii) the mother's autonomy (Shroff et al. 2009 ), employment (Ukwuani and Suchindran 2003) , and age (Frost, Forste, and Haas 2005; Semba et al. 2008; Shapiro-Mendoza et al. 2005) , and viii) the age and number of siblings (Boerma and Bicego 1992; Frost, Forste and Haas 2005; Larrea and Kawachi 2005; Moestue and Huttly 2008; Ricci and Becker 1996; Shapiro-Mendoza et al. 2005; Sommerfelt and Stewart 1994) .
To elaborate on the latter 'sibling effect', dilution of economic resources in the family is probably a key causal channel. A simple version of the argument is that, when there are many children in the household, there may be less to spend on each child, for example with respect to food and health care, than there would be in a family with fewer children and the same income.
3 There may also be less to spend on consumer durables and improvements of the housing standard from which the health of each child 3 In a simple world where all couples i) know what it takes to raise a healthy child, ii) are concerned about their children's well-being and want as many as they can raise with the resources available over some relevant period of time, and iii) have exactly as many children as they want, there would be no difference in the number of children among parents with the same income. The rich would have more children than the poor and all children would be healthy. Reality is different however. First, many parents may not realize or be sufficiently conscious about the costs of childbearing and therefore have more children than others at the same income level. While it may be possible to cut down on saving and own consumption, or to make more use of the mother's earning potential by getting help with child care, this may not be enough to avoid harmful child outcomes such as under-nutrition. In other words, a child with many siblings may have poorly informed parents, and too few resources may be available to the child, leading for example to stunting. Second, some couples may not want as many children as they would be able to raise under normal conditions, for example because of a relatively strong preference for alternative use of time and money. Should something extraordinary happen, they are more likely to have a buffer that will benefit the child. Third, many couples have unintended births. This may result in a combination of lower adult consumption, lower savings, and increased chance of poor child health. Conversely, others may, for health reasons, not be able to have as many children as they want and would be able to bring up. might benefit, such as a refrigerator and better sanitation. We may consider this an aspect of the resource dilution. A dilution argument may also be made about the parents' time use, since there are obvious constraints on how much care and attention parents can give to their children. Another consequence of the demands from a larger number of children, which is relevant also in poor settings, is that less may be saved.
The number of young siblings in the household may be a particularly influential determinant of stunting working through such resource competition. However, the presence of older siblings may also be of some importance, because they may have strained the family income while they were young, which may have had implications for the current economic situation. On the other hand, it is also possible that the older siblings may help with the care of the younger and thus contribute positively to their health and nutritional status. Likewise, the number of fostered children in the household and the number of siblings who currently live elsewhere or have died may have had implications for the resource availability of the remaining children.
Another type of contribution to the sibling effect is that a child's chance of getting an infectious disease, or a particular severe version of the disease, may be particularly high when there are many siblings and therefore also a more crowded environment. Such effects have been suggested, especially for measles and some respiratory infections, though there are also examples of beneficial effects, possibly because of immune mechanisms (Aaby 1988; Burström, Diderichsen, and Smedman 1999; Cardoso et al. 2004) . Furthermore, the number of pregnancies and births, and the intervals between them, may have had consequences for the mother's health (Fortney and Higgins 1984; Zhu et al. 2001; Zhu 2005 ), and therefore the child's birth weight 4 and the mother's ability to feed and care for the child. Yet another, but opposite, effect is that the mother's knowledge about child care may increase with the number of children she has.
Aggregate-level factors may also -through the aforementioned child-level proximate determinants -affect a child's chance of being stunted. For example, the existence of nutritional programmes and other social and health policies that support especially the poor is obviously important. Another key factor is access to health care (Larrea and Kawachi 2005) and the prevalence of diseases in the population, both of which are influenced by the general level of education and income (which also operate through other factors). In support of such broader community socio-economic effects, a few recent studies have reported relationships between the level of education or literacy in the community and individual stunting, net of the mother's own education (Alderman, Hentschel, and Sabates 2003; Fotso and Kuate-Defo 2005; Moestue and Huttly 2008) . Further, lower stunting rates are usually seen in urban than in rural areas, though there is uncertainty about whether this is only a result of differences in socioeconomic resources (Avan and Kirkwood 2010; Fotso 2007; Giroux 2008; Semba et al. 2008; Shapiro-Mendoza et al. 2005 ).
Possible effects of aggregate-level fertility
An effect of fertility at the aggregate level has not been reported or discussed, but seems plausible for two main reasons. One involves economic growth; the other may be seen as an aggregate extension of the sibling effect. In either case, the effect is eventually channeled through the three child-level proximate determinants, just as other aggregate factors. We now explain the possible mechanisms, starting with the economic arguments. The main pathways are illustrated in Figure 1 .
Figure 1: An illustration of possible causal pathways
Factors affecting or co-determined with province dependency ratio and/or number of siblings, as well as affecting stunting through other channels:
Controlled: child's sex and age, mother's education and age and whether married, previous birth interval, whether mother currently pregnant, husband's education, whether live in urban area, average education in province, proportion in urban areas in province, country dummies, province dummies (capturing unobserved constant factors ), calendar year
Province child dependency ratio
Province income growth -> province income resource dilution and disease transmission among families in province In the literature on how population affects economic growth, there has been much attention to changes in age structure. This is because, given the output per worker, the output per person is determined by the proportion in the working-age group and proportion who actually work in this age group (e.g. Bloom and Williamson 1998) . However, the output per worker may itself depend on various demographic factors, as pointed out already by Coale and Hoover (1958) and later, for example, by Mason (1988) . Most importantly, from our perspective, it is possible that an increase in the proportion of young or elderly in the population reduces the output per worker because a larger proportion of the earnings among working-age adults may have to be used to cover childrearing expenses and support for the elderly, resulting in less being saved (as mentioned above). This point has been made by Kelley and Schmidt (2005) , who showed that the proportion of young had a negative effect on the growth in the production per worker, given the initial productivity and other factors (while the proportion of elderly had no influence). Generally, higher productivity growth, given the initial level, means a higher current productivity.
In other words, a child who lives in an area where the adults have many children may be at a disadvantage because of a generally low income level. When other people have low income a consequence may be that their children are sick relatively often, and these diseases can be transmitted to the child under study and thus enhance the stunting risk. Further, a higher income in the community may -at least in the somewhat longer run -stimulate, for example, the establishment of health care institutions that any child may benefit from.
The second main mechanism possibly linking high aggregate-level fertility and an individual child's stunting is an aggregate version of the household-level pathway referred to earlier as the sibling effect, and also bears some resemblance to one of the income related mechanisms just described. The argument runs as follows: when another family has many children, that family may itself experience a high prevalence of diseases (because of the dilution of resources and possible more intense disease transmission within the household), which increases the disease risk for the child under study and ultimately its chance of being stunted.
The number of children a child interacts with outside the household might also affect the chance of being infected. A possible indicator of that could be the number of children within a surrounding area of a certain size, which is determined by the number of households within this area multiplied by the number of children in each household. However, the former probably varies much more than the latter (even given any rural/urban control variable that might be included) and the two are inversely linked to each other, so we hesitate to consider aggregate fertility as affecting an individual child's chance of being stunted through this mechanism.
The basic ideas of the analysis
The goal of the present study is to find out whether there actually is an effect of aggregate fertility, net of number of siblings and other household-level reproductive factors. We should, of course, control as well as possible for factors at different levels that may affect or that are co-determined with aggregate and household fertility in addition to influencing the individual child's chance of being stunted. For this purpose we use three different approaches, each with their own strengths and weaknesses. These three approaches are further described below. We make no attempt, however, to assess the relative importance of the various pathways that fertility may operate through in affecting individual stunting. Such a task would require data that better reflect the relevant mechanisms, and it is also technically problematic to identify how an individual outcome, such as whether a child has an infectious disease, is affected by the prevalence of that outcome in the community (Kravdal 2003) .
It is not easy to conclude from the theoretical arguments what the most appropriate level of aggregation should be. While diseases are transmitted from children nearby, the savings argument may involve the population structure in a small neighbourhood as well as in the country. Dictated by data availability (see explanation below), we have used the province as the level of aggregation. The population size in each province is on average 4 million, varying between 0.2 in Namibia and 26.4 in Nigeria. This level of aggregation may be relevant for the economic-growth mechanism, although less so for the disease-transmission pathway.
Another important but difficult consideration relates to measuring the child dependency burden. According to the mechanisms outlined above, the chance that a child is stunted at the time of an interview depends on nutrition and diseases at any time since its birth, which in turn reflects the general disease pattern and the economic situation at that time. However, the economic situation especially may need some time to be influenced by the burden of childrearing in the population (given the idea that the economic growth during a certain period is influenced by the dependency ratio at the outset through savings), so it would seem reasonable to introduce a long lag in the dependency-ratio variable. We have decided to try two different dependency ratio variables, both of which refer to the province where the child lived when his or her height was measured. One is the average number of children younger than 10 and still alive among the women (aged 15-49) in that province who were interviewed in the survey where the child was measured. The other is the corresponding dependency ratio in the same province according to an earlier survey, typically 5-10 years before. Approach II uses the first of these two dependency ratio variables, while they are used interchangeably in approaches I and III (see further details below). For those who have recently moved from another province, it might be just as reasonable to include the earlier dependency ratio in that province, but this is not possible with the DHS data. These surveys provide information on how long the family has lived in the primary sampling unit, which typically corresponds to a census enumeration area, but not on whether they have lived in another province earlier. In additional calculations we left out those who had lived in the census enumeration area less than 10 years, and this gave a similar pattern in the estimates.
It is not obvious how the number of siblings should be defined. We have decided to direct our attention largely towards the number of siblings alive and younger than 10 years. Alternative operationalizations gave very similar results (see below for details).
The DHS data include information about some well-established determinants of fertility, such as education and urbanization, which possibly also have a bearing on the stunting risk. In addition to controlling for these and the corresponding province-level averages, we include (in approaches II and III) province dummies to control for additional unobserved province characteristics. When this is not possible (approach I), we include country dummies instead. However, we do not include another potential determinant of fertility, income, because it would have to be proxied by a wealth indicator, which may also to some extent reflect consequences of childbearing (i.e., by doing it we would tap out some of the total effect of fertility that we set out to estimate). This is further explained below, after the data and their limitations have been presented.
Data and methods
Data
DHS surveys have been conducted in many countries to provide researchers and policymakers with comprehensive and comparable data on fertility and child health and their determinants. In these surveys women aged 15-49 have been interviewed (and in many countries there has also been a smaller sample of men). We used DHS data (available as of May 2010) from the 23 Sub-Saharan countries that satisfied the following two criteria: first, there had been at least two such surveys with anthropometric measurements in the country; second, the highest-level aggregate units that were defined (typically governorates, provinces, or larger geopolitical zones, but referred to as provinces in this paper) were comparable over at least two surveys. 5 In the selected countries, there were 3-12 provinces that were comparable across 2-4 surveys. The Nigerian 1999 survey was excluded because of the poor quality of the anthropometric measurements and suspiciously low fertility rates (Pullum 2008) . Of the remaining surveys, the most recent in each country was used in all approaches along with one or more of the earlier. (The Appendix includes a list of the surveys that were used in the different approaches.)
It should be noted that using the primary sampling units (census enumeration areas) as the level of aggregation is a poor alternative. Only a few countries have conducted multiple surveys within these units (i.e., the selection of units has usually changed from survey to survey), and there is a small number of observations in each unit.
The stunting variable
In most DHS surveys in the region the intention was to collect anthropometric data for all children aged 0-59 months (0-35 in the older surveys) in all selected households, though in practice about 10% were not measured and weighed. However some surveys collected, by design, anthropometric data from only a fraction of the selected households. Thus information on children's height is lacking for about 50% of the Children for whom there are no data on height were of course excluded in the estimation, but their mothers were included in the calculation of province variables (further described below).
In the DHS data, a z-score is given for the child's height relative to age. It is defined as the number of standard deviation units from the median height among children at that age in an international reference population. Stunting is defined as a zscore lower than -2 (i.e., corresponding to more than two standard deviations below the median). In some recent surveys, however, another reference population has been used, so to achieve comparability we recalculated all z scores based on the child's age and height and the new reference age-height relationship (WHO 2010) . This modification had very little effect on estimates.
Fertility variables
While the total number of siblings alive and below 10 (unweighted mean 1.48 and standard deviation 1.16 in the sample used in approach I) was our main individual-level fertility variable, we also experimented with alternative age limits (number of children <5 years, < 15 years, and all children) and inclusion of the dead. These specifications gave similar results. Our models also included the interval between the youngest and the second-youngest child, specified categorically, and an indicator of whether the mother was currently pregnant.
Twins were included in the analysis. We observed that they had more than twice as high a chance of being stunted as singletons, but taking that into account by adding a twin control variable or excluding the twins had no impact on other estimates.
As mentioned earlier, the province-level child dependency ratio was calculated either from the survey in which the stunting was measured (and where the individual fertility variables were also taken from) or an earlier survey. In both cases DHS weights (typically constant within units at a lower level than the provinces) were taken into account when aggregating over the individual data. The unweighted mean of the child dependency ratio was 1.54 and the standard deviation 0.30 (approach I). As with the individual-level variable, we experimented with alternative age limits and including the dead, but again, the main conclusions were robust.
Fertility histories in African DHS surveys are mostly complete, and missing information on the timing of births is not a large problem either (Arnold 1990) . A potential concern is that many births during the last 5 years before the survey (or 3 in older surveys) have been reported as occurring some months earlier to avoid answering a large number of questions about children. Such displacement of births was particularly common in the surveys from the late 1980s (including the 1988 Togo survey in our analysis; Arnold 1990), and some more recent surveys (Marckwardt and Rutstein 1996) . However, potential displacement problems should only affect our interval variable, not the other fertility variables.
Control variables
Factors that obviously should be controlled for
A number of household-level characteristics may affect the child's number of siblings, for example through the perceived costs of childbearing, the preferences for alternatives to spending time and money on children, or the access to adequate contraception. If they are also likely to influence the chance of stunting, they should be controlled for. One such factor is the number of completed years of education for the mother, which we included in the models (as a continuous variable). Education may in principle also be influenced by fertility (leading to 'over-controlling'), but this reverse causation is probably of modest strength in sub-Saharan Africa. We also included the mother's age (continuous), whether she was married, her partner's education (continuous), and whether the household lived in a census enumeration area that was characterized as urban. Further, a detailed control for the child's age turned out to be quite important, so dummies corresponding to 20 three-month periods were included.
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Also aggregate-level factors may affect individual fertility, in addition to affecting aggregate fertility. Again, women's education may be an example: it has been shown that a woman's chance of having a child is influenced by the education of other women in the community (Kravdal 2002) . As mentioned earlier, there is also some evidence suggesting an effect of aggregate education on stunting risks. In our models we included the average education and the proportion of urban dwellers among the women in the province who were interviewed (though with some doubt about the latter, as explained below). These variables were calculated from the individual data, as with the child dependency ratio.
The household-and individual-level control variables were taken from the survey in which the child was measured (thus referring to what is called time t below), while the province-level control variables were calculated from the same survey as used for the calculation of the child dependency ratio (which could be the survey at t or an earlier at t'). In additional analysis we included province control variables measured at t' along with a dependency ratio measured at t, but this gave results very similar to those obtained when all were measured at t.
The wealth indicator
Let us assume now that the interest is in the effect of the child dependency ratio in the province at the time of a previous survey (t'), which reflects fertility during the decade before that. In principle one should include a measure of the income among the (potential) parents in the province some time before that, because it could be a determinant of the dependency ratio and also affect the current stunting risk (at t). The mechanism behind the latter effect is that the income before t' may affect the growth in the following period (just like the dependency ratio), and hence future income and eventually stunting risks. However, such a lagged income measure is not available in the DHS data. There is information about consumer durables and household amenities at the time of interview (t'), which has often been used to construct a wealth index (Rutstein and Johnson 2004) , but such an index would be an indicator of consumption (and hence income) shortly before interview and several years earlier (Bollen, Glanville, and Stecklov 2007; Filmer and Pritchett 2001) , and not only the income at the time relevant for fertility (decisions). Including a wealth measure that reflects the income shortly before interview (t') would be problematic from our perspective because the child dependency ratio at t' reflects burdens of childrearing before that, which could affect the income shortly before t' if the suggested effect that involves saving operates quickly enough. In other words, a wealth measure calculated from the survey at t' can be considered as being, to some extent, on the causal pathway, so we would be 'overcontrolling'. Another reason why we would over-control is that the number of children in other families may affect their ability to purchase consumer goods of importance for the health of the children in that family (an aspect of the 'resource dilution' mentioned earlier), with further implications for the children in these families and, ultimately, the stunting risk of a particular child. The average wealth would capture some of this recent consumption among other families and thus be on the causal pathway. There are of course similar arguments against including wealth at the household or province level at time t along with measures of fertility at that time. We therefore did not include any wealth variables in our final model. Nonetheless, we did some experimentation with a simple wealth index constructed by summing the number of positive answers to the following questions: whether the household members own a radio or a bicycle, whether there is electricity in the house, whether the household has access to piped water or a flush toilet, and whether the floor is made of other materials than dirt. 7 In a model where all variables were taken from the most recent survey, we added the province averages of this wealth measure calculated from an earlier survey, which reduces the chance of over-controlling. This alternative model specification gave almost the same effect of the dependency ratio (not shown in the tables).
Unobserved factors
Many unobserved community factors may also influence the level of fertility as well as the individual child's nutritional status. For example, certain environmental characteristics may have a bearing on food production and also affect the need for child labour. Additional unobserved potential confounders relate to political attitudes (e.g., with respect to health care and family planning programmes) and aspects of the socioeconomic development that are poorly captured by the included variables. In approaches II and III we controlled for confounders at the province level that are constant by including province dummies (fixed effects). In approach I we controlled for country-level constant unobserved factors through country dummies.
7 A more advanced pre-constructed wealth measure, based on richer information on consumer durables and household amenities, is available only in the most recent surveys.
The proportion of urban dwellers changes little over time, so one might hesitate to include it in a model with province fixed effects (which requires that other province variables are time-varying), but, fortunately, the key estimates did not depend much on whether this variable was left out.
Statistical models
Having presented the general ideas of the analysis and the specific variables considered, we now summarize and further specify the three approaches used.
In approach I, we estimated the following logistic regression models for the chance P ijt that child i in province j is stunted at time t, which is the time of the most recent survey (among those it is possible to use): log (P ijt/ (1-P ijt )) = a 0 + a 1 S ijt + a 2 F jt' + a 3 X ijt + a 4 Y jt' + a 5 C j + U j S ijt is a vector of indicators of the mother's reproductive behaviour up to t (the child's number of siblings, length of last birth interval, pregnancy status), and F jt' is the child dependency ratio in province j calculated from the oldest survey satisfying our requirements, taking place at time t' (this is the first-mentioned survey in the list in the Appendix , and conducted on average 10 years before the most recent survey). X ijt is a vector of control variables describing characteristics of the child (age, sex) and its household (whether urban, whether mother married, mother's and father's education), and Y jt' is a vector of province-level control variables at time t' (average education and average urbanization). C j are country dummies. The a's are the corresponding effect coefficients. U j is a province-level random term (assumed to be drawn independently for each province from a normal distribution with 0 mean and a variance to be estimated) that was added to reflect unobserved constant factors at that level that are unrelated to the other regressors. Including such a random term is standard procedure in multilevel modelling (e.g. Goldstein 2003) . It increases standard errors of the effects of province-level variables, but leaves point estimates almost unchanged (there are no differences in linear models and in practice small differences in logistic models). The models were estimated in the MLwiN software.
In another version of approach I we used only data from the most recent survey, i.e., F jt instead of F jt' and Y jt instead of Y jt' .
In approach II, we estimated the model
for children observed in either the most recent or the earliest possible survey (i.e., t refers to the time of one of these surveys). Similar results were found when all surveys were included instead, or when the two most recent ones were included. E j are province dummies and b 6 the corresponding coefficients (province fixed effects). In such a fixedeffects model one cannot include characteristics at the province or higher level that are constant over time, such as the country dummies. T t is a time variable (equal to t; using one-year dummies gave similar results) that picks up unobserved factors common to all provinces that have changed over time and produced a change in the stunting risk.
Leaving the time trend out or interacting it with country dummies did not change the main conclusions. The regressors S, F, X and Y are as in approach I. The models were estimated with the logistic module in the SAS software. Approach III is a combination of I and II, in the sense that there are both lags and fixed effects. More precisely, we estimated the model log (P ijt /(1-P ijt )) = c 0 + c 1 S ijt + c 2 F jt' + c 3 X ijt + c 4 Y jt' + c 5 T t + c 6 E j for children observed in either the most recent survey or the one before that (i.e., t refers to the time of one of these surveys). t' refers to the time of the most recent survey before either of these two. In other words, for countries with three surveys this is an analysis of how stunting in the second and third surveys is influenced by the dependency ratio in the first and second survey, respectively. For countries with four surveys we used the second, third, and fourth in a corresponding way. Also these models were estimated in SAS. As with approach I, we estimated an alternative version, with F jt instead of F jt' and Y jt instead of Y jt' .
In all approaches the child under analysis was the youngest living child in the family. There were 82,036 such children included in approach I, 145,116 in approach II, and 60,674 in approach III. In additional analyses we also included the second-last born children alive and measured at interview (without adding a household-level random term, for simplicity). This gave very similar effects.
Results
Effects of fertility variables
Using approach 1, there is a positive but not very large effect of the number of siblings younger than 10: each additional sibling raises the stunting risk (odds) by 2% (Table 1) . Further, the expected beneficial effect of a longer birth interval is confirmed. For example, stunting occurs 26% more often among those born less than two years after a brother or sister than if the interval is three years. There is also an excess chance of stunting if the mother is pregnant.
More importantly, however, there is no significant effect of the child dependency ratio in the province in the earlier survey (but significance was attained when the random term was left out.) In contrast, the effect of the current dependency ratio (included instead of that in the earlier survey) is significant ( Table 2 ). The effects of the number of siblings are the same in these models (Table 2) . Table 1: Effects (odds ratios with 95% CI) of various child, household, and province characteristics on a child's chance of being stunted, according to approach I Notes: * p< 0.10; ** p < 0.05; *** p< 0.01. Other variables included in the models as shown in Table1, Table 3 , and Table 4 1 As in Table 1 2 As in Table 3 3 As in Table 4 The adverse effect of the number of siblings observed in approach I is also observed in approach II, but there is no effect of the current child dependency ratio (estimates are shown in Table 3 and the main ones also in Table 2 ). The inclusion of province fixed effects has large impact on the effect of the province child dependency ratio. Without the fixed effects the dependency ratio had a positive effect on stunting (not shown in the tables), in accordance with what one would expect from the results from approach I. In other words, there seem to be some constant province characteristics causing both high (low) fertility and high (low) chance of stunting. Approach III differs from approach I in four ways: i) only countries with three or more surveys are included, ii) it is the dependency ratio in the most recent previous surveys that is included rather than that in the earliest survey, iii) the models are estimated not only for the most recent survey but also include the second-most recent, and iv) fixed effects rather than a random effect are included. Yet the results from these two approaches are quite similar in one important respect: there is no significant effect of the lagged child dependency ratio (in fact there are indications of a beneficial effect), while there is an effect of the current child dependency ratio (Tables 2 and 4) . However, there is no longer a significant adverse effect of the number of siblings when approach III is used, though the directions of the estimates are maintained. As long as we consider the current child dependency ratio and the current level of the control variables, the only difference between approach III and approach II is that the latter includes more countries and the earliest rather than the second-most recent survey. Nevertheless, the results are quite different, which is somewhat disturbing.
Generally, the effect of the child dependency ratio is little influenced by whether the number of siblings is included, and vice versa (not shown). This reflects that the effects of these two variables are weak and that the correlation between them is not very strong.
Effects of control variables
The effects of the individual-or household-level control variables are as expected: low odds of stunting are seen for girls, those living in urban census enumeration areas, those having a better-educated mother, and those having older mothers. Consistent with other studies, stunting increases with the child's age up to about 3 years and then declines (not shown in tables). In combination, the indications of an adverse effect of marriage and the significant beneficial effect of the education of the husband (typically the child's father) suggests that the child is better off when the mother is single than when she has a husband with a few years of education. The stunting risk is lowest, however, when she has a better educated husband.
The average level of education in the province is inversely related to the stunting risk according to approach I (not only with the specification shown in Table 1 , but also with the two other specifications). In contrast, no effect was observed in approach II, while there were mixed results with approach III (a positive effect when the province variables were lagged and a negative effect when they were not). Therefore one cannot conclude that it helps to live in a community with a generally high level of education. It is possible that the advantages of being surrounded by better-educated individuals with a low disease prevalence and good knowledge of nutrition and child care may be outweighed by disadvantages stemming from a low relative position in society.
There are no other significant province-level effects, except that living in a highly urbanized province increases the risk of stunting according to approach II. This contrasts with the beneficial effect of living in an urban census enumeration area and might suggest a resource competition with an urban bias, in the sense that, for example, the health care in a rural area is less developed when it is competing with many urban areas in the province. Alternatively, there may be problems with the inclusion of a province-level urbanization variable because of its modest variation over time (see earlier comment).
Summary and conclusion
It does not seem unreasonable to expect that high fertility in a province, or at another level of aggregation, may influence a child's chance of stunting adversely, above and beyond any effect of own family size (reported in earlier studies and confirmed in some of our models). As explained in more detail above, such an aggregate-level effect may reflect, for example, a lower savings rate in a population where there are many dependants. This may lead to lower income growth and thus a lower general income later. A lower income among other families may increase the chance that the children in these families are sick and thus the risk that the child under investigation gets sick and eventually becomes stunted, and the general income level may also affect the quality of the health care services in the area. Such adverse economic effects of high fertility have been assumed by many politicians and researchers, though without overwhelming empirical support. Furthermore, high fertility among other families may more directly increase the disease prevalence in these families, with implications for an individual child's stunting risk.
In our analysis of 23 countries in sub-Saharan Africa we see no effects of the child dependency ratio in the province at the time of an earlier survey, typically 5-10 years before. There is more support for an adverse effect of the current dependency ratio. This may suggest that the economic mechanism, which probably needs more time to play out, is of little importance, while the effect of other community members' high fertility operating through a more direct enhancement of the disease load among their children may matter more. That said, there may be unobserved determinants of the province fertility that also affect the individual child's stunting risk. The fixed effects modelling certainly helps to reduce such problems, but only picks up the constant province-level unobserved factors. There may also be time-varying unobserved province characteristics that affect both fertility and stunting. One such potentially confounding factor is the income level in the province. We included a wealth variable in an additional model (lagging it, while all other variables referred to the current situation, to reduce the chance of over-controlling). This had very little impact on the estimates of the fertility effects, but the wealth variable is admittedly a rather crude indicator of the economic resources. In principle, fertility and stunting may be influenced in different directions or in the same direction by the unobserved factors. In the latter case, the true effect of fertility will be even less adverse than indicated by the estimates. Moreover, there is a disturbing lack of robustness in our estimates, in the sense that the selection of countries and surveys seems to matter. All in all, one should therefore be hesitant to state that there is an effect of the overall fertility level on an individual child's nutritional status.
To conclude, we think we have raised an important question. Stunting is obviously a key welfare indicator that deserves continued attention, and it can be quite easily measured (as opposed to, for example, income or purchasing power). The idea that other community members' fertility may be among its determinants has not been checked so far, but seems plausible. In fact such a mechanism would be part of a broader externality effect of high fertility that has often been taken for granted, and that has motivated population policies in several countries, but which has still not been backed up by very strong statistical evidence. We have used data of supposedly high quality, and have stretched the analysis as much as possible by using three alternative approaches that allow us to consider lagged effects, control for constant unobserved province-level factors, or (with a smaller sample) do both. However, there is no clear empirical conclusion. A fair summary of the estimates would be that there are only weak indications of an adverse effect of the general fertility level. This blurred empirical picture indicates that researchers should continue to address the question with better tools before policy conclusions are drawn. In particular, it would be an advantage to have data that include better control variables and encompass a larger number of aggregate units at the province level, and that also permit consideration of lower levels of aggregation that might be more relevant for some of the causal effects potentially involved.
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